It has been found with relative consistency in Western a as well as nonWestern populations 2 that a younger age at menarche, older age at first birth, and older age at menopause conferred a higher risk of breast cancer. Biological bases of these associations, including the effects of estrogens and gestagens on cell proliferation, have now been thoroughly investigated 3. There is, however, important variability in these associations across populations. An international study showed that younger age at menarche was associated with increased risk of breast cancer in Japan and Taiwan, countries with a late mean age at menarche (14.6 years in cases and 14.8 years in controls), but was not related to breast cancer risk in Brazil, Greece, Yugoslavia, Wales and the U.S., where the mean ages at menarche were about one year younger than in Japan and Taiwan 4. Similarly, the strength of the association between age at first birth and breast cancer risk has varied considerably across studies 5. Weaker associations have been observed in populations where a first birth before age 20 is relatively uncommon. In the collaborative study conducted in Greece, U.S., U.K., Japan, Taiwan, Brazil, and Slovenia, a first pregnancy before the age of 18 was associated with a two-thirds reduction in risk compared to a first pregnancy over the age of 356. In contrast, in a recta-analysis of eight studies from the Nordic European countries, women with a first birth before the age of 20 years had only a 40% decrease in risk compared to those with a first birth after the age of 35 years 1. These international studies are not necessarily consistent with all epidemiologic studies conducted in the particular countries, but the point here is that the relative homogeneity of reproductive histories within specific populations may negatively affect statistical power and explain at least in part the inconsistent findings across individual-level studies. One way to address the lack of variability of exposure and of risk usually found in single populations is to compare different populations across the world and to correlate average population characteristics with incidence or mortality of a given disease 7, 8 . For example, in the collaborative study conducted in Greece, U. S., U. K., Japan, Taiwan, Brazil, and Slovenia, age at first birth ranged from 15 to 40 years 6, which is unusual for most Western countries 9,1~ International ecological study designs cannot resolve problems related to lack of variability of exposure or of risk -indeed, only comparisons of individuallevel data across different populations could ultimately serve that purpose. However, international ecologic studies can serve to augment insights into associations observed in individual level studies 11 of the relationship between breast cancer and reproductive history.
In this study we present the correlations between the incidence of breast cancer reported by tumor registries in seven different locations of the world and the timing of reproductive events based on samples of women from populations belonging to these countries. The diverse study populations serve to indicate the whole range of observable variability in the world population.
Subjects and methods

Study women
The Table 2 in reference 13). These women were selected from a large variety of different clinics within each sampled region in order to avoid any link between their reproductive characteristics and their likelihood of being recruited into the WHO study. The control women were of the same age and residential origin as the cases. These hospital control patients were interviewed, mostly in the hospital, between 1979 and 1988 using a standardized questionnaire administered by trained female interviewers. 
Breast cancer incidence data
Age at menarche
Age at menarche was directly reported by the study women during their interview. In the analyses of this (and of all the other) reproductive variables, 20 women who either reported never menstruating or whose menstruation status or age at menarche were recorded as unknown were excluded (net total N ---9396).
Age at menopause and duration of reproductive life
Most of the study women had not yet experienced menopause (either natural or artificial) by the time they were interviewed. Thus, we used Kaplan-Meier survival analysis methodology 17 to construct the sample distributions of age at menopause and of duration of reproductive life (= age at menopause age at menarche) for each population, from which the corresponding medians and other percentiles were estimated. These Kaplan-Meier analyses required information on menopausal status (i. e., censoring) which was not directly reported during the interview. We therefore calculated this information indirectly using a classification algorithm applied to year of last menses, year of interview, year of birth (derived from age), and other relevant reproductive data (see below) that were directly reported during the interview. The logic and results of this classification algorithm are summarized briefly below. For all menarchal study women, age at menopause was initially calculated as (year of last mensesyear of birth), regardless of censoring. Study women who were actually classified as having undergone natural menopause (total N = 1936) were at least required to have had their last reported menses more than one year before their year of interview. Study women who had undergone either a hysterectomy, a double oophorectomy, or any operation/x-ray treatments preventing further menstrual periods at any time before or during their year of interview were classified as having had an artificial menopause (total N = 642), and their initially calculated age at menopause was considered to be censored at the year of artificial menopause. For premenopausal (including a few pregnant and/or nursing) study women (total N = 6789), their initially calculated age at menopause was considered to be censored at the year of their interview. Study women for whom any of the algorithm calculations involved missing data were classified as missing menopausal status (missing total N = 49). The resulting sample sizes for age at menopause (net total N = 9361) and duration of reproductive life (net total N = 9360) reflected the exclusions due to missing menopausal status (with 41% of these due to age at menarche, as noted above), as well as a few additional exclusions due to missing data on age and/or some of the other reproductive variables (e. g. Age at first birth and delay from menarche to first birth
The vast majority (9411/9416) of the study women provided nonmissing interview data on age at first birth. Most (7806/9411), but not all, of these women reported actually having had a live birth. Each of the 1605 nulliparous women had a censored age at first birth (hence also a censored delay from menarche to first birth) taken as: her age at natural menopause if she had experienced a natural menopause; her age at artificial menopause if she had undergone an artificial menopause; and just her age if she was still pre-menopausal. Likewise, the censored delay from menarche to first birth for nulliparous study women was calculated as the difference between their censored age at first birth and their age at menarche. Kaplan-Meier methodology analogous to that described in the previous section was then employed to estimate the distributions and percentiles of age at first birth and delay from menarche to first birth. The resulting sample sizes for age at first birth (net total N = 9385) and delay from menarche to first birth (net total N = 9383) reflected slight reductions for reasons similar to those mentioned in the previous section. The reductions were less extreme here than there because missing values for menopausal status necessarily led to exclusions only for nulliparous women. Multiparous women with valid ages at first birth were not necessarily excluded if they had missing data on menopausal status.
Results
The breast cancer incidence rates in the seven study countries, together with the specific populations and the years of tumor registry coverage are given in Table 1 .
There was a five-fold ratio between the highest (64.7/100000/yr) and the lowest (13.7) breast cancer incidence rates. The highest The interview years, sample sizes, and summaries of the age distributions for each of the WHO study samples are given in Table 2 . The study women were relatively young (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) , and also between the populations covered by the tumor registries and those that were sampled in the WHO study (see data collection centers in Appendix).
Summaries of the distributions of the five reproductive variables are given in Table 3 . Because the study women were so young (see Table 2 ), the 90 th percentiles for age at and delay to first birth could be estimated for only half of the study populations (data not shown). Likewise, the 75 th (90 th) percentiles for age at menopause and duration of reproductive life could be estimated for only two of the study populations (data not shown).
The breast cancer incidence rates (see Table 1 ) are also presented graphically in the upper left panel of Figure 1 . The other scatterplots in Figure 1 depict the relationships between breast cancer incidence and the medians of the five reproductive variables in Table 3 . Similar rankings among the countries as seen in Table 1 can be observed on most of the axes for each of the five reproductive variables in Figure 1 . For example, Thailand always belongs to the group with older age at menarche, younger age at first birth, and shorter delay to first birth. Thailand has in addition a younger age at menopause and a shorter duration of reproductive life. People's Republic of China behaves as a low-risk country for the two physiologically determined variables (age at menarche and age at menopause) but as a westernized country for the culturally determined variables (age at and delay to first birth). The Pearson simple and (median) age-adjusted correlations between the breast cancer incidence rates and the medians of each of the five Figure 1 .)
reproductive variables corresponding to the scatterplots and least squares regression lines in Figure i are given in Table 4 . Strong positive associations with breast cancer incidence were observed for duration of reproductive life (r = 0.95, p = 0.004 with age-adjustment) and age at menopause (r = 0.87, p = 0.023 with age-adjustment). Conversely, a strong inverse correlation was observed between age at menarche and breast cancer incidence (r = -0.87, p --0.025 with age-adjustment). Age at first birth was not associated with breast cancer incidence (r = 0.18, p = 0.73 with age-adjustment). Delay to first birth was moderately positively (but not significantly) associated with breast cancer incidence (r = 0.59, p = 0.22 with age-adjustment).
People's Republic of China was an influential point in the latter correlations. When People's Republic of China was omitted, the simple and partial correlations between age at first birth and breast cancer incidence increased to r = 0.44 and 0.58, respectively, but neither was statistically significant (respective p = 0.38 and 0.30). On the other hand, the simple and partial correlations between delay to first birth and breast cancer incidence increased to r = 0.86 and 0.85, respectively, the first of which was statistically significant (p = 0.029) and the second of which was not quite statistically significant (p --0.069). Similar qualitative patterns and magnitudes of associations between the breast cancer incidence rates and the 10 th and 25 th percentiles, and (when estimable) the 75 th and 90 th percentiles, of the reproductive variables were also observed. The simple and partial correlation results for the 25 th percentiles (only), which could be estimated for all countries, are shown in Table 5 . As occurred for the medians, omitting People's Republic of China from the calculations led to non-statistically significant increases in the correlations of breast cancer incidence with age at and delay to first birth (data not otherwise shown). The more culturally determined age at and delay to first birth were the only reproductive variables for which generation effects could be discerned (data not shown except as noted below). Specifically, for most of the populations we found that the study women in the two youngest (15-29 and 30-39 years) age subgroups tended to be older at (correspondingly, to delay slightly longer until) their first birth compared to the study women in the two older (40-49 and 50-64 years) age subgroups (see1~ Potential generation effects relative to the overall association between the breast cancer incidence rates and the median ages at first birth (see Figure i and Table 4) were assessed by examining the scatterplots with least squares regression lines and the simple correlations between these two variables within each age subgroup shown in Figure 2 . The association was weakly positive in each of the 
Discussion
This international ecological study shows strong correlations of breast cancer incidence with age at menarche, duration of reproductive life, age at menopause, and (when People's Republic of China is omitted) delay to first birth. For these factors, the ecological study agreed with what has been observed in individual-level studies. On the other hand, the association of breast cancer incidence with age at first birth (including omission of People's Republic of China and allowance for generation effects) was much weaker than expected from individual-level studies. The correlation was strongly influenced by the atypical behavior of People's Republic of China, which had a low incidence of breast cancer but a late age at first birth. The Chinese policy towards wedding age and parity may have had some influence on the corresponding incidence of breast cancer. The higher age at first birth may explain in part why higher rates of breast cancer were observed in People's Republic of China compared to Thailand. However, such changes in reproductive life may not yet have been followed by full changes in incidence. There is a time lag that is not accounted for in this study. These results may also indicate that it is not so much the specific age at first birth, but the delay between menarche and first birth that confers the increased breast cancer risk. Russo et al.lS have suggested that the susceptibility of the mammary gland to carcinogens may be the highest during the years between menarche and first birth, i.e., when the glandular epithelium has not yet been fully differentiated. If so, the longer the delay to first birth, the higher the risk, irrespective of the specific age at menarche or age at first birth. This interpretation contradicts however other results showing that age at first birth and age at menarche are independent risk factors for breast cancer. For example, Henderson et al. 19 found that the odds ratio (OR) for breast cancer was 1.58 for menarche < 13 years, 1.75 for first delivery at 2_ 25 years, and 2.76 for (menarche < 13 & first delivery at 2 25). Thus, the observed OR for the joint effect corresponds to the OR expected under simple multiplicativity (2.78 (1.58 x 1.75).
Limitations and strengths
We compared reproductive histories obtained from individual women controls participating in an international case-control study with breast cancer incidence data derived from country-specific cancer registries that did not cover the exact same target populations. We employed censored data analysis techniques to estimate the percentiles of age at and delay to first birth, age at menopause, and duration of reproductive life because the study women were relatively young. The percentiles estimated from the individual-level data were, of course, aggregated measures, so the study design and the correlations were really fully ecological. Because only seven (six with omission of People's Republic of China) countries were included and because relevant covariate information was unavailable in the source data, we could not effectively adjust the correlations for differences among the countries on the reproductive or other variables (e.g., dietary factors) that are potentially confounded with or related to breast cancer incidence. These are clear limitations of our ecologic study in comparison with traditional individual-level 20-23 (also with hybrid "aggregate data" multilevel 24 or other 2s analytic) case-control or cohort studies. Furthermore, selection bias may also have been a problem because the study sample women were hospital controls and access to hospital care may be more frequent for women of higher socio-economic status than for other women. Women who are more well-off are more likely to live in urban areas and their way of life may more closely resemble that of Western women. On the other hand, women with diseases thought to alter contraceptive practices were not eligible since these were originally controls of a case-control study on steroid contraceptive usage a2-15. Also, life habits related to ages of reproductive events (e. g., smoking, diet, drinking) of women hospitalized may differ from the rest of the population. The net bias resulting from these multiple potential sources of selection on international variability remains unpredictable from the secondary analyses performed here because the specific data required to measure it were not collected in the original casecontrol study. International ecological study correlations may involve a different construct rarely taken into account by individual-level associations n. In the present context, our (aggregated) ecological measure, "age at first birth", may represent different etiological aspects relative to breast cancer than the "age at first birth" of an individual woman. Breast cancer is a disease with a complex etiology. Many of its identified or postulated causes, such as timing of reproductive events, body mass or diet, seem to be related to westernization. As a result, an ecological design which uses populations as the units of analysis may be able to assess the full impact of processes affecting populations as a whole rather than subgroups within each population. Indeed, in the WHO Collaborative Study of Neoplasia and Steroid Contraceptives 14, the risk of breast cancer was found to increase with later age at first birth and later age at menopause, but was not related to age at menarche. Thus, age at first birth was an important risk factor for breast cancer in the individual-level case-control analysis but not an important discriminator of breast cancer incidence across populations. Age at first birth may be modified early in the process of westernization and therefore reaches international homogeneity faster than the breast cancer risk. As a result, we observe similar age at first birth in countries with different age-standardized breast cancer incidence. This hypothesis is apparently supported by the present results which show a generation effect on the overall association between age at first birth and breast cancer incidence. Although none of the correlations were statistically significant, the association was weakly positive in the subgroups of study women beyond age 39 years, and weakly negative in the age subgroups 15-29 and 30-39 years. (However, as mentioned, all four correlations became (nonsignificantly) positive when People's Republic of China was omitted.) The youngest age subgroup also had the highest median age at first birth. Homogeneity of age at menarche within populations, but variations among populations, would yield no association in case-control studies, but would yield an association in ecological studies. Doubtless, the epidemiological "gold standard" for establishing etiologic associations is an individual-level study (perhaps augmented by measuring and incorporating ecologic variables through a multilevel analysis). Several elements speak in favor of the validity of the present findings relative to bias. First, the information on reproductive histories obtained in the WHO study was collected uniformly by trained female interviewers using the same questionnaire and methodology. And second, most of the observed correlations were quite strong. In conclusion, the international ecological correlations observed in this study are in agreement with current beliefs regarding the associations of the reproductive factors age at menarche, age at menopause, duration of reproductive life and, possibly, delay to first birth with breast cancer incidence derived from epidemiological studies based on individual-level data. Thus, it appears that these reproductive factors represent similar constructs when measured on the ecologic and individual levels. The disagreement relative to the association of age first birth with breast cancer incidence observed in individual-level studies versus the lack of association observed in the present ecologic study is not sufficient to question or discount the former finding. Rather, it serves
